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ABSTRACT 
Eight stratigraphic units of Late Cenoioic age are present 
around the Moe Archeological Site near New Town, North Dakota. Unit 
Zero is a layer of glacial sediment consisting of grayish brown peb-
bly clay loam. Unit One consists of fluvial and beach sand and gravel. 
Unit Two consists of light yellowish brown, offshore lake silt that was 
deposited into a glacial lake in Late Wisconsinan time. Unit Three is 
a layer of glacial sediment consisting of grayish brown pebbly clay 
loam (Late Wisconsinan). Unit Four consists of fluvial sand and gravel 
(Late Wisconsinan}. Unit Five is a layer of slough sediment consisting 
of silt and clay rich in organic matter (Late Wisconsinan to present). 
Unit Six is a layer of valley-bottom and fluvial overbank sediment con-
sisting of light yellowish brown sandy silt and clayey silt (Late Wis-
consinan to present}. The Oahe Formation is a layer of wind-blown silt 
that was deposited during the Holocene Epoch. It is divided into four 
members. These are, from bottom to top, the Mallard Island Member 
(Late Wisconsinan), which is light-colored and sandy, the Aggie Brown 
Member (Late Wisconsinan to Early Holocene), which is the mollic hori-
zon of a paleosol, the Pick City Member, which is light-colored, and 
was probably derived from unstable hillslopes during the warm, dry 
Midd~e Holocene Age, and the Riverdale Member (Late Holocene), which 
is slightly darker colored than the other members. 
viii 
INTRODUCTION 
"The Moe Site'' is th.a name given to an area along the bluffs of 
Lake Sakakawea in southwestern ~.ountrail County, North Dakota, where 
archeological reconnaisance excavations were made during the summer of 
1973. The existence of the Moe Site has been known for several years 
by local people. Their collections indicated human occupation of the 
site as early as about 11,500 years B.P. The Moe Site is the first 
and earliest paleo-Indian (before about 8,000 years B.P.) site to be 
documented and.excavated in North Dakota. Studies of the site have 
the potential of supplying significant information about the prehis-
toric people in the Northern Plains. 
The Moe Site is in danger of being destroyed. Bluff erosion 
in the area has been as much as 6 meters a year in the past about 15 
years. Hoping that part of the site was still undestroyed, a group 
of salvage archeologists and geologists made a reconnaisanca of the 
general area of the site in the sumlller of 1973. However, few arti-
facts were found, indicating that much of the sediment that contained 
artifacts had been eroded away or that the paleo-Indian horizons are 
below lake level and excavations were not deep enough. Evidence for 
this latter hypothesis is given in the section on chronology. 
Purpose 
In this report I will describe and interpret the stratigraphic 
units around the Moe Site using cross sections, text, and a surficial 
geologic map. 
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Setting 
The study area,_ like much of North Dakota, was glaciated several 
times during Late Cenozoic time. Rolling hills (4 to 7 degree slopes) 
with an integrated drainage pattern make up about 80 percent of the 
study area. The remaining area is poorly-drained topographic lows (1 
to 4 degree slopes) and badlands (25 to 90 degree slopes). Vertical 
bluffs (up to 12 meters high) along the shoreline of Lake Sak.akawea 
provide excellent exposures for stratigraphic studies. 
DISCUSSION OF STRATIGRAPHIC UNITS 
The stratigraphic units at the Moe Site are described in detail 
in Appendix A. 
Tongue River and Sentinel Butte Formations 
In the study area the Tongue River and Sentinel Butte Formations 
consist of poorly lithified gray clay and silt, and lignite of Paleocene 
age. 
Unit Zero 
Unit Zero is a layer of glacial sediment consisting of grayish 
brown pebbly clay loam. 
Unit One 
Unit One consists of red, flat-bedded, fine- to coarse-grained 
sand and gravel or conglomerate. The red coloration of Unit One is a 
result of staining by iron oxide derived from the iron-oxide concretions 
and pyrite (in the lignite) from the Tongue River and Sentinel Butte 
Formations. Distortion of bedding by folding, faulting, and tilting is 
in part the result of collapse caused by melting of underlying ice and 
in part the result of subglacial shearing action. 
Unit One is in part fluvial sediment and. in part beach sediment. 
Where Unit One is distributed in fluvial channels and consists of sand 
and gravel it is interpreted to be fluvial sediment. Where about 90 
percent of the grains in beds of Unit One are in the same Wentworth 
s 
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size fraction or where the sand has bimodal sorting Unit One is inter-
preted to be beach sediment. 
Unit Two 
Unit Two consists of light yellowish brown, rhythmically flat-
bedded fine sand, silt, and clay. Individual beds become finer grained 
upward, grading fro~ fine sand and silt at the bottom to silt and clay 
at the top. Individual beds group into repeating sets about 1.25 meters 
thick. Scattered pebbles and cobbles are present. The bedding of Unit 
Two is tilted and folded in places throughout the study area. 
Unit Two is interpreted to be offshore lake sedilllent. This 
interpretation.is based on the fact that Unit Two consists mainly of 
horizontally bedded silt and clay up to 65 meters thick. Unit Two is 
distributed exclusively in an abandoned channel of the Missouri River, 
which was occupied by a glacial lake, probably lake in Wisconsinan 
time. Evidence for the existence of a proglacial lake or a glacial 
lake that was at least partly enclosed by ice is based on collapse 
folding in Units lwo and Three, which is a result of melting of ice 
blocks, and elevation anomalies between these units (see discussion 
on Late Pleistocene history). 
The rhythmic bedding of Unit Two indicates some kind (or kinds) 
of rhythmic fluctuation in deposition. These fluctuations may be due 
to such factors as diurnal or seasonal temperature changes or turbidity-
current deposition. Unit Two is probably varved. The varves are about 
1.25 meters thick, and each represents th~ depositional sequence during 
the period of one year. 
Pebbles and cobbles were rafted on ice bergs to the site of 
deposition. 
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Ripple-~oreset crossbedding, although rare in Unit Two~ indicates 
a northerly source area. The sediments may have been derived froro the 
Little Knife River Valley. 
Unit Three 
Unit Three is a layer of grayish brown glacial sediment consisting 
of pebbly clay loam. Bedding is indistinct and folded. 
Based on collapse geomorphology (hummocky and poorly drained topog-
graphy) and folding, Unit Three is interpreted to be collapsed supergla-
cial sediment. 
Unit Four 
Unit Four consists of mostly flat-bedded sand and gravel. Sandy 
beds contain ripple-foreset crossbedding. 
Based on distribution in fluvial channels, coarse grain size, and 
bedding characteristics, Unit Four is interpreted to be upper-flow regime 
and lower-flow regime fluvial sand and gravel. 
Pebble imbrication, channel geometry, and the dip dorection of 
foreset beds indicate that Unit Four was derived from a northeasterly 
source area. 
Unit Five 
The lower part of Unit Five contains fossiliferous, black silt 
and clay rich. in organic matter. The rest of Unit Five consists of 
alternating horizontal beds of sandy silt and silty clay rich in orga-
nic matter. folding occurs in the basal sediments of Unit Five as well 
as in the individual alternating beds of sandy silt and silt and clay. 
8 
Based on distribution in closed depressions, fine grain size, 
and the presence of organic matter, Unit Five is interpreted to be 
slough sediment. The folding in the beds of Unit Five is probably the 
result of both swelling of montimorillonitic clays and collapse during 
the melting of ice blocks. 
Unit Six 
Unit Six consists of light yellowish brown, indistinctly flat-
bedded sandy silt and clayey silt. Sand and pebble layers occur scat-
tered throughout Unit Si:x:. At least six dark, discontinuous, unbedded 
horizons (up to 0.1 meter thick) rich in organic matter occur in Unit 
Six. 
Based on distribution in topographic lows, variable grain size, 
bedding charact_eristics, and proximity to inactive fluvial channels, 
Unit Six is interpreted to be valley-bottom sediment (sheetwaah, slope-
wash, creep, and eolian sediment) and fluvial overbank sediment. The 
dark horizons in Unit Six are paleosols; they are rich in organic mat-
ter and unbedded. These paleosols are probably weakly developed Al 
(ochric) horizons. 
Charcoal 1.3 meters from the top of Unit Six (refer to Cross 
Section D} was radiocarbon dated at 5995 + 115 years :S.P. At le.ast 
part of Unit Six was deposited during the Middle Holocene Age. 
Oahe Formation 
The Oahe Formation is a layer of unbedded, unlithified, wind-
blown silt deposited throughout much of North Dakota. It is divided 
into four members on the basis of color and stratigraphic position. 
These are, from bottom to tbp, the Mallard Island Member, the Aggie 
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Brown Member, the Pick City Member, and the Riverdale Member (Clayton, 
Moran and Bickley, in preparation. 
The Oahe Formation is known to be eolian in origin because it 
is unbedded silt that has been draped over the pre-existing topography. 
It is not valley-bottom or lake sediment because it is distributed over 
topographic highs as well as topographic lows. It is not fluvial over-
bank sediment because it contains no sand and clay layers and organic 
matter and is found in places that are unlikely to have been occupied 
by streams. 
The Mallard Island Member of 
the Oahe Formation 
The Mallard Island Member consists of very pale brown, generally 
unbedded, fine sand and si.lt. 
The Aggie Brown Member of the 
Oahe Formation 
The Aggie Brown Member consists of very dark gray, unbedded, silt 
and clay rich in organic matter. Scattered igneous and carbonate cobbles, 
flak.es of Knife ~iver Flint, red-colored zones (up to 0.35 meter across 
and 0.20 meter thick), and pebbles occur throughout this member. 
On the basis of fine grain size, lack of bedding, content of orga-
nic matter and distribution, the Aggie Brown Member is interpreted to be 
a paleosol developed in wind-blown silt. The Aggie Brown Member is prob-
ably an Al (mollic) horizon. The igneous and carbonate cobbles and 
flakes of Knife River Flint are thought to be artifacts because there 
is no other explanation for their presence in wind-blown sediment. The 
red-colorec zones may be areas of baked clay (such as near an old fire 
hearth). The pebbles were and are being introduced by burrolving animals. 
The Pick City Member of the 
Oahe Formation 
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The Pick City Member consists of light gray, unbedded coarse 
silt. Scattered artifacts (fire~cracked cobbles and flakes of Knife 
River Flint) occur in this member. 
The Riverdale ~ember of the 
Oahe Formation 
' The lower part of the Riverdale Member consists of dark gray, 
unbedded silt rich in organic matter. Two to three dark, discontinuous 
horizons (up to 75 millimeters thick) rich in organic matter occur in 
the lower part of this member. 
Based on fine grain size, lack of bedding, content of organic 
matter, and distribution, the lower part of the Riverdale Member is 
interpreted to be a paleosol (probably a mollic horizon). For the 
same reasons the two or three dark, discontinuous horizons are prob-
ably mollic or ochric. horizons of paleosols superimposed on the lower 
part of the member. 
The middle part of the Riverdale Member consists of light gray, 
unbedded silt. At least one or two dark, discontinuous horizons rich 
in organic matter are present in this part of the member. 
Based on fine grain size, lack of bedding, content of organic 
matter, and distribution, the one or two dark ho.rizons are interpreted 
to be mollic or ochric horizons of paleosols developed in wind-blown 
silt. 
The upper part of the Riverdale Membar consists of dark gray, 
unbedded silt rich. in organic matter. Two or three dark, discontinuous 
horizons rich in organic matter are present in the upper part of this 
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member. A layer (0.1 meter thick) of pale tan silt or pebbly, sandy 
silt is present in places at the top of the upper part of the River-
dale Member. 
For reasons identical to those already mentioned for the lower 
part of the Riverdale Member, the upper part of the member is inter-
preted to be a soil horizon. It is the Al (mollic) horizon of the pre-
sent soil. The two or three dark, discontinuous horizons are inter-
preted to be mollic or ochric hori~ons of paleosols. Where the layer 
at the top of the upper part of the Riverdale Member consists of silt 
it is probably wind-blown sediment. However, where this layer is 
coarser (generally at the base of hillslopes) it is slopewash sedi-
ment. 
All parts of the Riverdale Member contain scattered artifacts 
such as flakes of Knife River Flint, hearth stones and projectile 
points. 
CHRONOLOGY 
None of the Pleistocene deposits in the study area. have been 
precisely dated. However, estimates of the relative ages of these 
deposits can be made. 
Similarly, the Holocene deposits in the study area have not 
been precisely dated. One radiocarbon date of charcoal buried i.n 
Unit Six (refer to Figure 6) indicates part of this unit to be about 
6,000 years old. Paleoclimatologic information, however, can be used 
to suggest ages of the Holocene deposits. 
Clayton (1972) has suggested that the last active glacial ice 
disappeared from northeastern Mountrail County about 13,000 years ago 
and from the study area roughly 16,000 years ago. This interpretation 
is based in part on the correlation of glacial sediment in Mountrail 
County with glacial sediment in other parts of the Upper Midwest that 
has been radiocarbon dated at about 13,000 years B.P. The glacial 
sediment of Unit Three, then, is Late Wisconsinan in age, having prob-
ably been deposited during the period from about 16,000 to 13,000 years 
ago. 
Unit Three may be older than Late Wisconsinan. This guess must 
be based on a comparison of the geomorphology of Units Zero and Three 
because nowhere in the. same. outcrop are the tills of these two units 
exposed, and, as yet, the two units have not been distinguished in the 
subsurface. Where the sediment of Unit Zero is exposed on the surface 
12 
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it has an integrated drainage pattern and is nearly level, whereas the 
sediments of Unit Three are poorly drained and hummocky. 
Unit One may also be older than Late Wisconsinan. It is strati-
graphically below Unit Three and is highly weathered. 
Because the lake sediment of Unit Two has not been overridden by 
glacial ice, it must have been deposited during the most recent glacial 
advance. Unit Two is therefore Late Wisconsinan in age, having been 
deposited before the drift-covered glacial ice that partly enclosed the 
lake melted out. 
The sand and gr~vel of Unit Four, like the sediment of Unit Two, 
has not been overridden by blacial ice. The upper surface of Unit Four 
is a former stable depositional surface that slopes upward to the north> 
toward a now melted ice margin. The sand of Unit Four) which overlies 
the lake sediments of Unit Two, was deposited by meltwater. The source 
of this meltwater was the top of the glacial ice that had partly enclosed 
the lake into which sediments of Unit Two had been deposited. This evi-
dence indicates that sediments of Unit Four were deposited in Late Wis-
consinan time after the lake plain drained by as glaciation progressed. 
The sediments of Unit Five are distributed in the bottom of 
closed depressions (sloughs) 6n the glacial sediment of Unit Three. 
These closed depressions formed gradually as ice blocks melted out and 
Unit Three collapsed; collapse folding is present in the sediments of 
Units Three and Five, and the tops of individual beds of Unit Five are 
concave upward. Ordinary waterlain sediment is horizontally bedded or 
only slightly concave upward due to colluvial fans coming off the hill-
slopes. The concave upward nature of the beds in Unit Five suggests 
that the sediment in these beds was being deposited as the base of 
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the slough was warping downward due to melting of underlying ice blocks. 
Much of Unit Five is Late Wisconsinan in age. Sediment of Unit Five, 
however, is presently being deposited in modern sloughs, indicating a 
distribution in time from Late Wisconsinan to present. 
Unit Six is as much as 7 meters thick in the study area. Char-
coal found 1.3 meters down from the top of Unit Six (Figure 6) has been 
radiocarbon dated at 5995 + 115 years B.P. (I-7760). This date is the 
same as the date of much of the cultural material collected at the site 
over the past several years. Assuming that the estimated date of 4,500 
years B.P. for the base of the Riverdale Member is correct, the upper 
1.3 meters of Unit Six represents a time span of about 1500 years. 
Making one further assumption that rates of deposition during 
unstable climatic episodes in the Holocene were similar when averaged 
over relatively long periods of time, the base of Unit Six would date 
at about 12,600 years B.P. (Figure 2). The base of Unit Six may be 
Late Wisconsinan in age. The paleo-Indian horizons (older than about 
8,000 years B. P.) may be below lake level. The valley-bot tom and flu-
vial overbank sediment of Unit Six was being deposited throughout the 
Holocene Epoch and is presently being dep~sited in active stream chan-
nels and in topographic lows. Unit Six is probably the same age as 
Unit Five, from Late Wisconsinan to present. 
The age of the Oahe Formation may be estimated from paleocli-
matologic information. Four major climatic changes have occurred during 
postglacial time in the Northern Plains (Wright, 1970; McAndrews, 1966; 
McAndrews and others, 1967; Watts and Bright, 1968; Cvancara and others, 
1971). This paleoclimatologic information is based on paleoecologic 
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sediment. Latest Wisconsinan time was cooler and more moist than at 
present, early and late Holocene times were moist, and middle Holocene 
time was warmer and drier than at present. The four members of the 
Oahe Formation may represent these four clim-tic episodes. The }Iallard 
Island Member may be Latest Wisconsinan in age. The Ag~ie Brown Memoer 
may be Early Holocene in age, the Pick City Member may be Middle Holo-
cene in age, and the Riverdale Member may be late Holocene in age. 
The. Riverdale Member has three subdivisions in the study area. 
Paleoclimatologic information, however, does not seem to indicate a 
threefold subdivision of Late Holocene time. 
The thin layer at the top of the Riverdale Member, based on 
modern artifacts such as scrap metal, was deposited sometime during 
the past 50 years. Hamilton.(1967) has shown that the 1930s was a 
period of hillsiope instability in western North Dakota when several 
feet of sediment were being deposited, and that little deposition 
occurred before or has occurred since the 1930s. It is likely that 
the thin layer at the top of the Riverdale Member was derived from 
unstable hillslopes and was deposited during the warm, dry 1930s. 
LATE PLEISTOCENE RISTORY 
Ice-Margin Position 
On the basis of geomorphic and lithologic differences, two tills 
are probably present in the study area. Unit Zero (the oldest till) is 
distributed south of Sanish Bay (refer to Figure 9). Surface exposures 
of this unit are nearly level and have an integrated drainage pattern. 
Based on tt.relve samples, Unit Zero has a lower proportion of shale par-
ticles (about 4 percent) in the coarse-sand fraction (1 to 2 millimeters) 
than Unit Three (the younger of the two tills). Unit Three is distrib-
uted northwest, north, east, and southeast of New Town. Surface expo-
sures of this unit are hummocky and poorly drained. Unit Three, based 
on twelve samples, has an average of about 20 percent shale particles 
in the coarse-sand fraction. 
Because these t:tvo tills are geomorphically and lithologically 
different and therefore probably different in age, it seems reasonable 
to assume that the surface contact between these two units (refer to 
Figure 9) marks the ice-margin position of the Late Wisconsinan glaciers. 
Arguments against this hypothesis are as follows. Elevation 
anomalies between Unit Two and Units Zero a.nd Three suggest that tb.e 
ice margin may have been further southwest of the surface contact 
between Units Zero and Three. The glacial lake sediment of Unit Two 
reaches a highest elevation of about 2,000 feet in the study area. 
The surface of the lake into which these sediments were deposited was 
18 
TABLE 1 
COMPARISON OF GLACIAL SEDIMENT 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 
Sample Crystalline Carbonate Shale Gravel Sand Silt Clay 
Unit Three 
1 51.5 27.3 21.1 3.21 24.45 50.34 25.21 
2 49.0 24.2 
' 
26.8 2.43 24.53 48.43 27.05 
3 45,3 27.3 27.3 3.82 25.03 49.73 25.24 
4 63.9 24.0 12.1 0.83 19.18 66.24 14.59 
5 45.2 38.8 16.0 3.09 27.01 48.95 24.04 .... \.C 
Unit Zero 
6 52.5 45.2 2.3 1.08 24.18 46.17 29.65 
7 51.4 40.0 7.6 2.74 24.54 31.89 43.57 
8 52.0 36.9 11.l 3.74 26.04 50.84 23.12 
9 60.0 38.4 1.4 1.37 6.02 45.30 48.68 
10 66.8 31.3 1.8 0,97 28.37 50.58 21.05 
11 71.5 27.5 0.9 4,09 22.15 ' 64.88 12.96 
12 77. 8 21.5 0.7 2.14 18.21 '65.66 16.14 
r 
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at least 2,000 feet above sea level. Unit Three is at the surface east 
of New Town, and Unit Zero is at the surface south of Sanish Bay. At 
both places these units are below 2,000 feet and are adjacent to depo-
sits of Unit Tt.ro. During the existence of the glacial lake, these sur-
face deposits must have been above lake level~ otherwise, the deposits 
would be covered with lake sediments. The glacial lake may have been 
enclosed by glacial ice east and southeast of New Town and sonth of 
Sanish Bay. When the ice finally melted, the superglacial sediment 
collapsed and was deposited below the former lake level. This hypoth-
esis 'Of a perched lake plain seems to reasonably explain why the sur-
face deposits of Unit Three (the younger till) are below the former 
lake level east and southeast of New Town. 
However, additional observations suggest a different explana-
tion of why the surface deposits of Unit Zero (the older till) are below 
the former lake level. Unlike the surface of Unit Three, which has been 
only slightly modified by postglacial erosion, the surface of Unit Zero 
has been greatly modified by postglacial erosion. The surface of Unit 
Zero is nearly flat, well-drained, and covered in places with an ero-
sional veneer of sand and gravel, whereas the surface of Unit Three is 
hummocky and poorly drainP-d. Much erosion of sediments occurred during 
deglaciation. This is indicated by the lateral discontinuity of large 
thicknesses of the sand and gravel in Unit Four overlying Unit Two north 
of Sanish Bay. The sand and gravel of Unit Four has been greatly dis-
sected by meltwater derived from the melting Lake Wisconsinan glacial 
ice. Unit Zero south of Sanish Bay ~ay h.ave been covered by lake sedi-
ments at one time or may have been covered by sediments of Unit Three if 
the glacial lake was enclosed by drift-covered ice south of Sanish Bay, 
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but these sediments have since been eroded away. The unlithified, water-
saturated lake sediment of Unit Three sediment probably was completely 
eroded away, exposing more compacted, older glacial sediment in Unit Zero 
south of Sanish Bay. This line of reasoning suggests that if the ice 
margin terminus indeed was southwest of the surface contact between Units 
Zero and Three (the glacial lake was enclosed by ice south of Sanish Bay), 
evidence for that position, which would depend on the lateral-extent of 
the ice south of Sanish Bay, may have been destroyed by meltwater from 
the Late Wisconsinan glaci.er. 
Stagnant Ice 
The Late Wisconsinan glacial ice was probably inactive (stagnant) 
for an unknown length of time before it disappeared from the study area. 
Folding and faulting in Units Zero through Five are the result of sedi-
ment collapse as underlying ice blocks melted. The hummocky, poorly 
drained, collapse topography of sediments of Unit Three is the result 
of plastic flow in the sediment as the underlying ice melted out dif-
ferentially due to variable thicknesses of insulating superglacial 
drift. Unit Three is up to several meters thick in the study area, 
and north, northwest, and east of the study area it is as much as sev-
eral tens of meters thick. These thicknesses of superglacial sediment 
were sufficient to insulate the underlying glacial ice for a long period 
of time. Clayton (1967) gives a more complete discussion of stagnant-
ice geomorphology. 
Vegetated Superglacial Drift 
The base of Unit Five. is thought to be Late Wisconsinan in age 
(refer to the section on chronology). This estimate is based on the 
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folding and concave up~ard nature of the bedding in Unit Five. Because 
the sediments of Unit Five were deposited into closed depressions on the 
surface of Unit Three, the sediments of Unit Five are probably in large 
part reworked glacial sediment (Unit Three) derived from surrounding 
hillslopes. The sediment at the base of Unit Five has a high content 
of organic matter, based on the black color of these sediments in out-
crop. The source of the organic matter was probably vegetated hill-
slopes. Palynological evidence (Wright, 1970; McAndrews, 1966; McAnd-
rews and others, 1967) indicates that a spruce woodland existed in the 
Northern Plains during Late Wisconsinan time. In places such as the 
study area these forests were probably growing in glacial sediment that 
was on top of and insulating blocks of stagnating, Late Wisconsinan 
glacial ice. 
HOLOCENE HISTORY 
Paleoclimatic Episodes and Hillslope Stability 
Individual beds in the Oahe Formation in the study area can be 
separated into two categories on the basis of color. The loess beds 
that have a greater amount of disseminated organic material are gener-
ally dark gray. The beds with less organic material are light gray. 
Light-colored loess beds probably represent rapid rates or at least 
uninterrupted (by varying climatic factors such as temperature and 
moisture conditions) periods of deposition because these beds have 
little disseminated organic material. If the rates of loess deposi-
tion were fast or the periods of deposition more or less continuous, 
vegetation would not be able to take hold and a soil horizon (that is, 
a zone rich in organic material) would not develop. Conversely, if 
the rates of loess deposition were slow or the periods of deposition 
were interrupted, a soil horizon would have time to form. This sug-
gests that dark-colored beds in the Oahe Formation are paleosols that 
represent climatic episodes when temperatures and moisture conditions 
were such that sufficient amounts of vegetation took hold to develop 
a sod cover and darken the horizon with an accumulation of organic 
matter. Light-colored beds represent climatic episodes during which 
the plant cover was not sufficient to appreciably darken the soil 
horizon with an accumulation of organic matter. 
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These conclusions are supported by the fact that the thin layer 
that was deposited during the warm, dry unstable climatic episode of the 
1930s (refer to the section on chronology), at the top of the Riverdale 
Member is light in color. Schumm (1965) has shown that hillslope erosion 
occurs during dryer periods and that hillslopes are stabilized by sod 
cover during more moist periods in humid and subhumi.d regions such as 
North Dakota. It is not unreasonable to assume that dark-colored beds 
in the Oahe Formation are paleosols that developed during relatively 
cool, moist climatic episodes when hillslopes were stabilized by sod 
cover and that the loesa of the light-colored beds was deposited dur-
ing relatively warm, dry climatic episodes from hillslopes that were 
unstable duet~ a lack of sufficient sod cover. These assumptions are 
consistent with the paleoclimatic information that was used to tenta-
tively date the members of the Oahe Formation (with the exception of the 
Mallard Island Member) in the section on chronology. The light-colored 
Pick City Member may have been deposited during the warm, dry middle 
Holocene Epoch. The dark-colored Aggie Brown Member (Early Holocene) 
and Riverdale Member (Late Holocene) may have been deposited during 
relatively cool, moist periods. However, the light-colored Mallard 
Island Member may have bean deposited during a cool, moist climatic 
period (Late 'Wisconsinan time). This seeming anomaly of a light-
colored bed being deposited during a cool, moist climatic episode may 
indicate that the loess of the Mallard Island Member was derived from 
a source other than unstable hillslopes. Clayton and others (in prep-
aration), on the basis of carbonate and dolomite analyses on the loess, 
has hypothesized that the loess of the Mallard Island Member may have 
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been derived in large part from floodplains of Late Wisconsinan meltwater 
streams rather than unstable hillslopes. 
The amount of organic matter in the sediment and the thicknesses 
of individual dark-colored beds probably reflects both the duration and 
intensity of that particular stable climatic episode. For example, the 
lower part of the Riverdale Member, which is up to 0.25 meter thick and 
dark gray, may represent a relatively long cool, moist climatic episode, 
whereas a thin dark bed within this part of the member may represent a 
relatively shorter or less intense cool, moist climatic episode. Like-
wise, the low organic content and thicknesses of individual light-colored 
beds may reflect duration and intensity of warm, dry climatic episodes. 
These generalizations would be more likely to be true in topographic low 
areas (especially in closed depressions) where preservation is fairly 
complete and would no·t be true in situations of differential preserva-
tion such as steep hillslopes. 
Detailed Stratigraphy as a Paleoclimatic Indicator 
If the conclusions in the previous section are accepted, the 
detailed stratigraphy of Holocene deposits can be used as a paleocli-
matic indi.cator. 
The six paleosols identified in Unit Si~ (refer to Cross Section 
D, Figure 6) indicate that the Middle-Holocene Age (8,500 to 4,500 years 
B.P.) was not a single, continuous period of warm, dry (unstable) cli-
mate. At least six short-term climatic fluctuations probably occurred. 
The fluctuations were probably a result of short-term changes to slightly 
cooler and more moist conditions. During these periods loess was less 
available to the wind (hillslopes stabilized), which resulted in a 
decrease in the rate of loess deposition. 
~ 
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Paleosols in the Riverdale Member of the Oahe Fonnation indicate 
that the Late Holocene Age (4,500 years B.P. to present) ~as not a single, 
continuous period of cool, moist (stable) climate. At least three.rela-
tively major climatic fluctuations may have occurred. The dark-colored 
lower and middle parts of the Riverdale Member are paleosols that formed 
during relatively cool, moist conditions. The light-colored middle part 
of the Riverdale Member was deposited during relatively ~arm, dry (unsta-
ble) conditions. In addition thin, discontinuous paleosols indicate that 
two to three short-term climate fluctuations (to cooler, more moist con-
ditions) occurred during the period of deposition of each of the three 
submembers. 
Closed System Deposits 
Closed system depressions (sloughs) have the unique characteris-
tic of providing a complete stratigraphic record. 
Lateral correlation of Holocene wind-blown deposits into Holocene 
sloughs by coring would have the advantage of providing such a complete 
record. In addition> because many sloughs occur in groundwater discharge 
areas, there is a better chance for preservation of fossils and wood in 
these deposits. 
At one place in the study area (refer to Figure 6) the upper part 
of Unit Five grades laterally into what may be part of the Aggie Brown 
Member. Unit Five here has at least seven dark beds rich in organic mat-
ter separated by light-colored beds. The Aggie Bro,.;n Member presumably 
developed during a generally cool, moist (stable) climatic episode, but 
at least fourteen short-term climatic fluctuations may have occurred. 
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Fig. 3. Oahe Formation Overlying Pleistocene Slough Sediment. 
a= Unit 3 
b = Unit 4 
c•= Unit 5 
d = Mallard Island Member 
e = Aggie Brown Member 
f = Pick City Member 
g = Riverdale Member 
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Fig. 4. Summary of Pleistocene and Holocene Events. 
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eolian activity. 
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minor climatic fluctuations. 
Unstable hillslopes; three minor 
climatic fluctuations. 
Stable hillslopes; paleosol; five 
minor climatic fluctuations. 
Unstable hills lopes; valley filling; l' 
eolian activity;· minor climati.c 1 · 
fluctuations. 
Stable hillslopes; well-developed 
paleosols. 
Fourteen minor climatic fluctua-
tions(?); 
Fossiliferous, black clay rich in 
organic matter being deposited into 
sloughs. 
Great erosional episode; 
gravel fans deposited by glacial melt-
wate.r; 
deposition of collapsed superglacial 
sediment; 
glacial lake drains and Missouri River 
cuts new channel south of Four Bears 
Bridge; 
stagnant ice melting; 
Unit Two lake silts deposited; 
glacial lake forms; 
Missouri River dammed by ice; 
glacial advance; 
glacial retreat; 
older glacial deposits (beach sediment 
and till); 
older glacial lake(?). 
-APPENDIX A 
Description of Stratigraphic Units 
Tongue River and Sentinel Butte 
Formations (undifferentiated} 
The Tongue River and Sentinel Butte Formations contain the Paleo-
cene deposits in the study area. These consist largely of poorly lithi-
fied gray clay and silt. Lignite beds (up to 0.45 meter thick) and beds 
of pale yellow-brown silt and find sand are collllllon. Royse (1967) gives 
a more complete description of these units. 
Unit Zero (l?ig:,1re 9) 
Unit Zero is nearly identical in gross physical characteristics 
to Unit Three. 
Unit Zero consists of grayish brown (10 YR 4/2.5, wet) pebbly 
clay loam. Where weathered and dry, Unit Zero has a hard popcorny sur-
face due to the shrinkage of montmorillonitic clay. The coarse sand 
(1 to 2 millimeters) of Unit Zero consists of about 65 percent igneous 
grains, 30 percent carbonate grains> and 5 percent shale grains (refer 
to Table 1). 
Unit Zero, based on augering. may be as much as 20 meters thick 
in the study area. 
Unit Zero overlies the Paleocene deposits in the study area. 
Unit Zero is overlaitt by a veneer of sand and gravel which is probably 
part of Unit Four. 
Unit Zero is a layer of glacial sedimEint, probably Late Wiscon-
sinan in age or older. 
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Unit One (Figure 5) 
Unit One consists of red, fine to coarse sand and gravel, or 
conglomerate. The pebbles of Unit One are composed of weathered lime-
stone and dolo:::nite. Igneous pebbles are also present, although low in 
abundance. The sediment of Unit One is predominantly flat-bedded but 
also contains ripple-foreset crossbedding. The bedding is highly dis-
torted due to folding, tilting, and faulting of this unit. 
Unit One is as much as 1.75 meters thick. 
Unit One overlies the Paleocene dep,osits. A dis conformity 
separates the t·wn. Nowhere in outcrop in the study area does Unit 
Two overlie Unit One. Instead, Unit One is overlain by Unit Three. 
The contact betwee.., Unit One and Unit Three is abrupt because of the 
lithologic differences between the two units. However, the folding 
at the base of Unit Three is conformable (in phase) 'tdth. the folding 
in the sediments of Unit one. 
Unit One is present in only one place in the study area. This 
is shown on Cross Section C where it is in a topographic low on the 
Paleocene deposits. 
The sediment in Unit One is fluvial and beach sand and gravel, 
possibly Early Wisconsinan in age. 
Unit Two (;Figures 6 and 9) 
Unit Two consists mostly of light yellowish brown (10 YR 6/4) 
rhythmically flat-bedded fine sand, silt, and clay. Scattered pebbles 
and cobbles occur in places. Individual beds become finer grained 
upward, grading from fine sand and silt at the bottom to silt and clay 
at the top. The layers of fine sand and silt are 10 to 50 millimeters 
l 
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thick~ but the dark grayish brown (10 YR 4/2) beds of silt and clay are, 
on the average, thinner. Laminations 1.0 millimeter thick, ~hich are 
the result of slight grain-size differences, are visible in lll0St beds. 
The fine. sand and silt layers have ripple-fore.set crossbedding in 
places. The beds of fine sand, silt, and clay group into repeating 
sets 1.25 meters thick that are separated by darker (10 YR 4/2) silty 
clay layers 40 to SO millimeters thick. The bedding of Unit Two is 
tilted and folded in places. Tilted blocks are as much as 100 meters 
across but folds are commonly less than 0.50 meter across and less 
. than 0.1 meter in height. The sediment in Unit Two is poorly lithi-
fied but has a blocky structure where dried out in vertical oluffs. 
Unit Two is up to 70 meters thick. 
Although the base of Vnit Two is nowhere exposed in outcrop in 
the study area, it is known from drilling data that Vnit Ttvo overlies 
the Paleocene deposits. Unit 'l'w'o is nowhere overlain by the glacial 
sediment of Unit Three. Unit Two is overlain by Unit Four, Unit Six, 
and the lliverdale Member of the Oahe Formation (refer to Figure 6). 
Angular unconformities (where Unit Two is tilted) and disconfonnities 
separate Unit Two from Units Four and Six. The contact between Unit 
Two and the Riverdale Member, however~ is gradational due to the simi-
lar lithologies of these units. 
Unit Two is distributed throughout the study area in an aban-
doned channel of the Missouri River. 
The sediment of Unit Tt.ro is proglacial lake silt, probably Late 
Wisconsinan in. age. 
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Unit Three (Table 1, Figures 3, 5, 7, 
8 and 9) 
Unit Three consists of grayish brown (10 YR 5/2.5 dry, 10 YR 
4/2.5 wet) to light brownish gray (10 YR 6/2) pebbly clay loam. The 
s.ediment of Unit Three is indistinctly bedded and folded in places, 
and has columnar jointing (0.05 to 0.5 meter across) on bluff faces. 
The coarse sand in Unit Three consists of 50 percent igneous grains, 
30 percent carbonate grains and 20 percent shale grains (refer to 
Table 1). 
Unit Three is as much as 15 meters thick in the study area. 
Unit: Three overlies the Paleocene deposits and Unit One. 
Nowhere in the' study area does Unit Three overlie Unit Two. A dis-
conformity separates Unit Three from the underlying Paleocene depo-
sits. The base bf Unit Three is folded conformably with the folding 
of the sediments in Unit One, although the contact is abrupt. Unit 
Four everywhere overlies Unit Three, and the two units are separated 
by a disconformity. Folding in sediments of Unit Four is conformable 
with the folding in the sediments of Unit Three. 
Unit Three is draped over the Paleocene deposits throughout 
much of the study area. It generally has hilly relief but is buried 
by slough sediments (Unit Five) in topographic lows. 
The daposits of Unit Three are collapsed superglacial sediment, 
probably Lat:e Wisconsinan in age. 
Unit Four (Figures 3, 5., 6, 7, 
8 and 9) 
Unit Four consists of mostly flat-bedded sand and gravel. The 
sandy beds have ripple-foreset crossbedding. Thin silt and peat beds 
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(20 millimeters thick} are interbedded with the sandy beds at one place 
in the study area. The coboles of Unit Four are predominantly igneous 
and carbonate rock types. 
Unit Four is up to 12 meters thick. 
Unit Four overlies Unit Two and Unit Three. Disconformities 
separate the base of Unit Four from Units Two and Three. Unit Three 
and the base of Unit Four are similarly folded. Unit Four is overlain 
by Unit Five and part of the Oahe Formation. The contact between the 
top of Unit Four and either Unit Five or part of the Oahe Formation is 
everywhere gradational. 
tvh.ere Unit Four is 2 to 10 meters thick and overlies Unit Two 
it forms rolling hills (4 to 7 degree slopes). Where Unit Four over-
lies Unit Three it i.s generally a thin veneer (0.1 to 2 mete.rs thick) 
of sand and gravel on hilltops, sideslopes~ and valley bottoms. 
The sediment of Unit Four is upper and lower flow-regime flu-
vial sand and gravel, probably Late Wisconsinan in age. 
Unit Five (Figures 3. 5, 6, and 8) 
The lower part of Unit Five consists of black silt and clay 
that contains disseminated organic matter. The silt and clay is com-
monly streaked white with carbonates and is well cemented. The lower 
part of Unit Five contains terrestrial and aquatic gastropods. 
The lower part of Unit Five is up to 1.75 meters thick. 
The upper part of Unit Five consists of alternating horizontal 
beds of fine sand and silt and si.lty clay with disseminated organic 
matter. The fine sand and silt beds are pale brown and up to 50 milli-
meters thick. The silty clay beds with disseminated organic matter are 
36 
dark gray and up to 50 millimeters thick. The horizontal beds are 
folded on a small scale. The folds are generally 25 millimeters in 
· height and 50 millimeters across. Climbing-ripple crossbedding occurs 
in the fine sand and silt beds. The darker silty clay beds are less 
distinctly crossbedded, are highly calcareous, and contain more orga-
nic matter than the coarser beds. 
The upper part of Unit Five is up to 6 meters thick. 
Unit Five overlies Unit Four, the two being separated by a gra-
dational contact. The base of Unit Five is similarly folded id.th the 
folding in Units Three and Four. Unit Five grades upward into the base 
of the Mallard Island Member of the Oahe Formation. 
Unit Five is generally distributed in closed depressions on the 
surface of deposits of Unit Three. 
The deposits of Unit Five are slough sediment, probably Late 
Wisconsinan to present in age. 
Unit Six (Figures 2, 5,. 6 l and 9) 
Unit Si.x consists of light yellowish brown (10 YR 6/4) sandy 
silt and clayey silt. The lithology of Unit Six is variable, depend-
ing directly on the differing lithologies of underlying units. Unit 
Six is indistinctly flat bedded silt with scattered sand and pebble 
layers where it overlies Unit Two (Cross Section D). The beds are 
0 to 0.1 meter thick. At least six dark, discontinuous horizons rich 
in-organic matter (up to 0.1 meter thick) occur in this unit. Larger 
sand and pebble bodies (up to 10 meters across and 0.25 thick) and 
discontinuous clayey layers occur where Unit Six has been deposited 
in a fluvial channel. Unit Six contains scattered flakes of Knife 
River Flint and concentrations of bison bones. 
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Unit Six.ranges from Oto an estimated 7.0 meters in thickness. 
Unit Six overlies Unit Two. The contact Between the two units 
is gradational and because of the similar lithalogies. Although evi-
dence is lacking in the study area, Unit Six probably overlies Unit 
Four in fluvial channel fills. Unit Six grades upward into parts of 
the Oahe Formation. 
Unit Si.X is distributed only in open topographic lows (valley 
bottoms and abandoned stream channels). 
The deposits of Unit Six are valley-bottom sedi:rnents (sheet-
~ash, slopewash, eolian, and creep sediments) and fluvial overbank 
sediment, probably Late Wisconsinan to present in age. 
Oahe Formation (;Fi.gures 3, 5, 6, 7 
and 8) 
The Oahe Formation is unlithified, unbedded wind-bloW"ll silt up 
to 4 meters thick. It is divided into four members on the basis of 
color and stratigraphic position. These are, from bottom to top, the 
Mallard Island Member, the. Aggie Brown Member, the. Pick C:Lty Member 
and the Riverdale Melllber (Clayton> Moran, and Bickley, in preparation). 
At least part of the Oahe Formation is present throughout most 
of the study are.a. It. has been draped to an average thickness of 0.5 
meter over any underlying units. 
The Mallard Island Member of the Oahe Fo:r1nation. · In the study 
area the. Mallard Island Member consists of very pale brown (10 YR 7/3) 
fine sand and silt. The Mallard.Island Member is 'gene.rally unbedded, 
although. indistinct laminations (1. 0 millimeter thick) occur towards 
the base of this membe.r. 
, 
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The Mallard Island Member is up to 0.5 meter thick. 
The contact between the Mallard Island Member and underlying 
units (Unit Two, Unit Four, and Unit Six) is everywhere gradational. 
The Aggie Brown Member lies conformably on the Mallard Island Member. 
The Mallard Island Member is distributed throughout the study 
area on hilltops, sideslopes, and topographic lows. On hilltops the 
Mallard Island Member is generally thin. On sideslopes and in topog-
graphic lows the Mallard Island Member generally reaches its greatest 
thicknesses. 
The deposits in the Mallard Island Me.l!lber are wind-blown in 
origin, probably Late Wisconsinan in age. 
Aggie Brown Member of the Oahe Formation. The Aggie Brown Mem-
ber consists of very dark gray (10 YR3/l), unbedded silt and clay. 
This member contains disseminated organic matter. There is cotmnonly a 
zone of lime enrichment at the base of this member. The Aggie Brown 
Member contains scattered flakes of Knife River Flint, cobbles and 
pebbles of igneous and carbonate lithology, and burrow fillings. One 
distinctive red zone (0.35 meter across and 0.20 meter thick) was 
observed in the Aggie Brown Member (refer to Figure 6). 
The Aggie Brown Member is up to 0.5 meter thick. 
The Aggie Brown Member lies confortnably on the Mallard Island 
Member. The Aggie Brown Member is overlain by the Pick City Member, 
the Riverdale Member, or part of Unit Five. 
The Aggie Brown Member has a spotty distribution throughout the 
study area. It is generally thickest where the Mallard Island Member 
is thickest, on sideslopes and valley bottoms. These are areas that 
were topographically low at the time of burial. 
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The Aggie Brown Member is a paleosol (a mollic horiion) devel-
oped in wind-blown silt and is probably about 10,000 years old. 
The Pick City Member of the Oahe Formation. The Pick City_Mem-
ber consists of light gray (10 YR 7/2), unbedded coarse silt. 
The Pick City Member is up to 0.5 meter thick. 
The Pick City Member lies conform.ably on the Aggie Brown Member. 
Tb.e Riverdale Member lies conformably on top of the Pick City Member. 
The Pick City Member has the least continuous distribution of 
the four members in the study area. 
The sediment of the Pick City Member is 'Wind-blown in origin 
and was probably deposited during the period from 8500 to 4500 years 
B.P. 
The Riverdale Member of the Oahe Formation. The lower part of 
the Riverdale Member consists of dark gray (10 YR 5/2) unbedded silt. 
This part of the member contains disseminated organic matter. Scat-
tered igneous and carbonate pebbles and cobbles, flakes of Knife River 
Flint, bison bone, and animal burrow fillings occur throughout this 
part of the member. Two to three dark (10 YR 4/1-2), discontinuous, 
horizons rich in organic matter (up to 75 millimeters thick) are pre-
sent in the lower part of the Riverdale Member •. 
The lower part of the Riverdale Member is up to 0.25 meter thick. 
The lower part of the Riverdale Member is a paleosol developed 
in wind-blown sediment. 
The middle part of the Riverdale Member consists of light gray 
(10 YR 6/2), unbedded silt. At least two dark (10 YR 4/1-2), discon-
tinuous, horizons rich in organic matter (up to 75 millimeters thick) 
are present in th.e middle part of the Riverdale Member • 
.......... 
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The middle part of the Riverdale Member is up to 0.25 meter thick. 
The sediment of the middle part of the Riverdale Member is wind-
blowu in origin. 
The upper part of the Riverdale Member consists of dark gray (10 
YR 5/2), unbedded silt. This part of the member contains disseminated 
organic matter. Scattered igneous and carbonate pebbles and coobles, 
flakes of Knife River Flint and animal burrow fillings occur throughout 
this part of the member. Two to three dark (10 YR 4/1-2), discontinuous, 
horizons rich in organic matter (up to 75 millimeters thick) are present 
in the upper part of the Riverdale Member. A layer of pale tan silt or 
pebbly> sandy silt up to 0.1 meter thick is present in places at the top 
of the upper part of the Riverdale Member. This layer contains modern 
artifacts such as scrap metal in places. 
The U?per part of the Riverdale Member is up to 0.25 meter thick. 
The upper part of the Riverdale Member is a paleosol developed 
in wind-blown silt. The top of the upper part of the Riverdal~ Member 
is wind-blo•..m sediment and slopewash sediment. 
The Riverdale Member is the surface lithostratigraphic unit in 
the study area. It lies confot'l'llably on the Pick City Member at two 
places in the study area. The Riverdale Member overlies the Aggie 
Brown Hember and Units Four and Six in other parts of the study area. 
At least part of the Riverdale Member is present on most topographic 
highs and sideslopes. It is thickest and most complete, however, 
where. it is distributed in topographic lows. 
The Riverdale Member was probably being deposited during the 
period from 4500 years B.P. to present. 
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